In order to examine the relationship between proline and cold stress in Iranian (local) genotype of petunia, p5cs gene was transferred to petunia through Agrobacterium-mediated transformation. The leaf discs from four weeks and shoot apices from 7-day-old petunia in vitro plants were co-cultivated with Agrobacterium strain LBA4404 harboring a plasmid pBI121 as the vector system for transformation of petunia. pBI121 plasmid containing β-glucuronidase (gus) gene as a reporter gene and Δ1-pyrroline-5-carboxylate synthetase (p5cs) gene and neomycin phosphotransferase (nptII) gene were used as a selectable marker. The co-cultivated leaf discs and shoot apices were transferred to the selective medium and thereafter to proliferation medium respectively. To confirm transformation, regenerated plants were subjected to the polymerase chain reaction (PCR), GUS histochemical and proline assays. The results confirmed the presence of the gus and p5cs gene in the genome of all transformants and the transformed plants were more tolerant (674.87 μg/g fresh leaves) than the wild types under stress conditions.
Introduction
Plants are most often experienced environmental stresses, such as drought, salinity, low and high temperatures. In order to survive, plants activate different mechanisms to sense and respond to the stresses. Proline as an important osmolite has a major role in reducing osmotic pressure of the cell which is under stresses such as low temperature, lack of food, the presence of heavy metals and *Author for correspondence: <Maryam.Jamshidnia58@gmail.com>. 1 Department of Plant Breeding and Biotechnology, Sari Agricultural Sciences and Natural Resources University (SANRU), Sari, Iran. 2 Department of Plant Breeding and Biotechnology, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran. high acidity (Pileggi et al. 2001 , Rai and Suprassana 2013 , Lv et al. 2011 , Nuccino et al. 1999 , Serrano 1996 . It is well documented to be involved in response to osmotic stresses in a wide range of organisms. Being involved in the maintenance, stability and three dimensional structures of proteins, proline also helps in maintaining the integrity of cellular structure and function (Kishore et al. 1995 , Delaunay and Verma 1995 . In plants, the first two steps of proline biosynthesis are carried out by a bi-functional enzyme known as Δ1-pyrroline-5-carboxylate synthetase (P5CS) which also plays both regulatory as well as rate limiting function in this metabolic pathway (Orcutt and Nilsen 2000, Paul and Hasegawa 1996) . Verma transformed the tobacco plant by the p5cs gene and he showed that the proline content increased in transgenic plants .
The authors have introduced the cDNA of P5CS from Arabidopsis thaliana into petunia plant. Molecular and biochemical analyses were performed for the successful transformation and its efficiency in transgenic lines.
Materials and Methods
Seeds of the local petunia genotypes (Petunia violacea) were surface sterilized in 20% (v/v) commercial bleach to which a wetting agent such as Tween 20 had been added, for ten min. The seeds were then rinsed three times with sterile water. The sterilized seeds were then germinated on MS. The procedure for optimizing regeneration using shoot apex and leaf discs was carried out according to Jamshidnia et al. 2011 .
Agrobacterium strain LBA4404 harboring a plasmid pBI121 was used as the binary vector system for transformation. pBI121 contained gus gene as a reporter gene and p5cs gene driven by the CaMV35S promoter and nptII gene driven by NOS promoter was used as a selectable marker (Fig. 1) . The resulting p5cs (originated from Arabidopsis) was used to replace the p5cs originated from moth bean (kindly gifted by Professor Verma, Ohio University, USA) in the binary vector which included a T-DNA with two 35S promoters known as pBI p5cs (Kishore et al. 1995) . P5cs from primary vector (pBluescript p5cs) was removed by digesting with XhoI and BamHI. This construct also carries gus gene which enables expression detection of the exogenous genes in transgenic plants. The above construct was subsequently transformed into E. coli strain DH5α. The binary vector containing p5cs gene was mobilized in Agrobacterium tumefaciens strain LBA4404 using freeze and thaw method (Gelvin et al. 1989 ).
The Agrobacterium LBA4404 colonies containing gus gene picked up from a plate culture were incubated for 24 hrs at 28°C with shaking (approximately 150 rpm) in liquid LB medium (1% tryptone, 0.5% NaCl, 0.5% yeast extract, pH 7, supplemented with 50 mg/l rifampicin and 100 mg/l kanamycin). In order to prepare bacteria for shoot tip transformation when the bacteria had reached the log phase (optical density of 0.7 -0.8 at 600 nm), 5 ml of the culture was centrifuged at 537 × g for 10 minutes at room temperature. The pellet was resuspended in 5 ml fresh, antibiotic-free and modified MS liquid medium composed of MS salts and B5 vitamins supplemented with 2% sucrose, and pH 6.2. A 1/1 (v/v) dilution was done. In order to prepare bacteria for leaf disc transformation when the bacteria had reached the log phase (optical density of 1 at 600 nm); 5 ml of the culture was centrifuged at 537 × g for 10 minutes at room temperature. The pellet was resuspended in 5 ml fresh, antibiotic-free MS liquid medium as described above, and then was diluted 1/20 (v/v) with antibiotic-free MS liquid medium. The in vitro excised shoot apices were cultured on shoot-inducing medium containing MS salts, B5 vitamins, 3% sucrose, 0.2% Gelrite supplemented with 1 mg/l BAP, adjusted to pH 5.7 with NaOH. After two days of culturing, isolated shoot apices were inoculated with a 5 µl of A. tumefaciens suspension in liquid MS. The culture plate with the shoot apices and without any antibiotics was incubated for two days at 25°C, with a light to dark period of 16/8 hrs. Following inoculation and incubation, the shoot apices were transferred to fresh medium and cultured for two additional days. The apices were then subcultured onto a selective medium (shooting medium with 500 mg/l cefotaxime and 200 mg/l kanamycin). Five replicates were taken for each treatment and the percentage of transformed plantlets were determined.
After three weeks of incubation, all explants had grown. Untransformed tissues exhibited bleaching in the presence of 200 mg/l kanamycin medium. The bleached leaves were then removed and the green tissues were transferred to the rooting medium containing MS salts, B5 vitamins, 3% sucrose, 0.2% gelrite supplemented with 0.1 mg/l NAA, 500 mg/l cefotaxime and 100 mg/l kanamycin, adjusted to pH 5.7 with NaOH. Because shoots did not root in this condition, and died, their shoots were transferred to elongation medium containing MS salts, B5 vitamins, 0.1 mg/l GA3, 100 mg/l kanamycin, 500 mg/l cefotaxime, 3% sucrose, 0.2% gelrite, pH 5.7. After 2 -3 weeks, shoots were large enough for excision and transferred to root-inducing medium.
Agrobacterium with OD 1 was used for co-cultivation of leaf discs regenerated from leaf disc culture. Leaf explants of tissue-cultured shoots at 4 weeks of age were scratched and cultured on shoot-inducing medium composed of MS salts, B5 vitamins and 1 mg/l folic acid supplemented with 2 mg/l BAP, 0.1 mg/l NAA, 1 mg/l zeatin, 2% sucrose, 1% glucose and 0.7% agar (MS3 medium). After three days of culturing, explants were submerged into the bacterial suspension for 5 minutes, after which they were blotted dry. The explants were plated onto the shoot-inducing medium. After 3 days of co-cultivation on MS3, the explants were washed 5 minutes with modified MS liquid medium as described above, containing 500 mg/l cefotaxime and 50 mg/l kanamycin. Explants were thereafter blotted and cultured on selective shooting medium (MS3 containing 500 mg/l cefotaxime and 50 mg/l kanamycin) and subcultured every 2 weeks. Three replicates were taken for each treatment and the percentage of transformed plantlets were determined. After 4 weeks, green shoots were excised and were placed on root-inducing medium containing MS salts, B5 vitamins and 1 mg/l folic acid containing 2% sucrose, 1% glucose, 0.1 mg/l NAA, 500 mg/l cefotaxime and 0.7% agar. Plants were transferred into pots when roots branched and strong enough to survive. Plants were subsequently exposed to cold stress and the leaves of such stressed plants were used for subsequent assessment of stress response. Non-transformed petunia used as controls and transformed petunia plants were conducted under continuous illumination at 4°C. The time at which the plants were submitted to sets of temperature was 3 days. Proline assay was used for the assessment of resistance.
Total genomic DNA was extracted from green leaves of transformed and wild-type plants using the CTAB method (Murray and Thompson 1980) . Molecular analysis of regenerated and transformed petunia plants was tested using a PCR method by gene specific primers. Forward primer was designed from the CaMV35S promoter and the reverse primer from the internal region of p5cs gene. The sequences of the primers were 5 ′ GCA CAA TCC CAC TAT CCT TCT 3′ as forward and 5 ′ GAA TAA CCC TCA AAT CAA GCA 3′ as reverse primers. The total 25 μl PCR mixture contained: 1 μl DNA (25-50 ng), 10 pmol of each primer, 200 μM each dNTP, 2 mM MgCl 2 , 1x PCR buffer and 1U Taq DNA polymerase.
GUS assay was performed with control and transgenic plants (Gallagher 1992) . Leaf discs from transformed and wild-type plants were prepared, and completely immersed in X-gluc solution (0.1 M sodium phosphate buffer, pH 7.0; 10 mM EDTA; 0.5 mM potassium ferricyanide, pH 7.0; 0.5 mM potassium ferrocyanide, pH 7.0; 1.0 mM X-glucuronide, and 1% triton X100). Incubation was carried out at 37 o C for at least 10 min or longer until complete bluish-green color was formed. Chlorophyll was removed using 70% ethanol. The percentage of gus positive plantlets was determined.
One hundred mg of fresh plant material were powdered in liquid nitrogen. Ten ml of 3% sulfosalicylic acid were added to each sample and centrifuged at 13000 rpm for 10 min. Two ml of the supernatant from each sample and 2 ml of acidified ninhydrin solution (1.25 g ninhydrin dissolved in 30 ml acetic acid at boiling temperature to which 20 ml of orthophosphoric acid were added) and 2 ml of 100% acetic acid were mixed and boiled for one hour. To stop further reaction, samples were immediately transferred onto ice-water and left to cool down for at least 20 min. To each sample 4 ml of toluene at room temperature were added, mixed thoroughly and the absorbance was measured at 520 nm (Bates 1973) . To assay the proline content of the leaves a standard curve was prepared in the range of 0.25 to 160 μM proline.
Results and Discussion
Shoot apex and leaf discs were used in order to study the regeneration and genetic transformation system of petunia. The interested construct was transformed into Agrobacterium and used for transformation of leaf discs and shoot apices. Transformed lines were selected on MS containing kanamycin as a selection marker. The results of transformation using shoot apices, showed that less time is needed for regeneration (approximately 4 weeks). The percentage of transgenic plantlets produced from shoot apices was approximately 20% higher in comparison to the leaf explants.
One mg/l BAP contributes to the regeneration of a large number of direct branches and multiple shoots induction, which is consistent with the results of research conducted with the foreign petunia cultivars and that the regeneration through the shoot apex is not related to the genotype (Jamshidnia et al. 2011) . Following the regeneration of plantlets, rooted shoots were transferred to soil for them to develop into mature plants ( Fig. 2A,D) . The resulting putative transgenic plants were analyzed by different molecular and biochemical approaches such as genomic PCR, proline content assessment and histochemical GUS assay. The results of histochemical assay of gus gene of transgenic plants showed high transgenic ratio in regenerated plants from shoot apex compared to leaf discs. PCR analysis confirmed the existence of gus and p5cs gene in all transformants (Figs 3 and 4) . Michalczuk and Wawrzynczak (2004) used leaf explants for transformation and the highest transformation frequency (6.15%) was reported by them, while the transformation frequency using shoot apices was approximately 70%.
The plants positive for molecular and biochemical evaluations, were subsequently subjected to osmotic stress. The applied stress was applied for three days at 4°C cold stress and the response of the plants was tested by assessing the level of the produced proline in the leaf extract. In general, it is Fig. 3 . Products of PCR with gus specific primers 1-Ladder 100, 2-positive control (reaction with pBI121-gus-intron plasmid), 3-reaction with genomic DNA isolated from transgenic plant, 4-6-untransformed containing plant. high expected that transgenic lines show higher proline production under nonstress and stress conditions due to the presence of 35S viral promoter. As shown in Table 1 , while both control and transgenic plants have responded to the stress by producing proline, P5CS transformed lines showed much higher proline content. P. violacea transformed plants contained 294 and 674 microgram per gram of fresh weight of leaf proline content in nonstress and stress condition compared with untransformed plants contained 134 and 229 μg/g of fresh weight of leaf in nonstress and stress condition, respectively (Table 1 ). Proline content of P. violacea transformed plants showed a significant difference between transformed plants in nonstress and stress conditions and P. violacea transformed plants produced the highest amount of proline content under these conditions (Fig. 5) . Additionally, proline content of P. violacea wild type plants was significantly different compared with that observed in the transformed plants in non-stress and stress conditions. After 3 days of cold stress, the increase in proline accumulation in control plants was nonsignificant (95.01 μg/g of leaves). However, in the transformed plant, accumulation of proline could be observed which ranged from 294.82 to 674.87 μg/gfresh leaves in non-stress and stress condition, respectively (Table 1) . Consequently, plants with high proline content and relatively higher resistance to the stress were selected for seed formation.
There was more proline production in transformed plants (294.82 μg/g of leaves) as compared to non-transgenic plants (134.14 μg/g of leaves) under nonstress condition. This result is in agreement with previous reports (Kishore et al. 1995) and could be attributed to the basal activity of the strong 35S promoter. On the other hand this observation further proves successful cloning of p5cs gene and transformation of the experimental plant. It has been suggested that increasing the proline content of plants is an important physiological response to the osmotic stresses (Zonglie et al. 2000) .
After 3 days of cold stress, the increase in proline accumulation in control plants was not significant but proline content was higher in transformed plants under normal and stress conditions at 4°C after 3 days under cold stress. This result is in agreement with those reported by Pileggi et al. (2001) who found that p5cs caused cold resistance in lettuce. However, in transformed plant, significant accumulation of proline could be observed and there was almost 2 times increase in the proline content.
In conclusion, we were able to overexpress Arabidopsis P5CS cDNA constructs into the experimental petunia plants. We have shown that plants derived through transformation show much higher proline content than non-transgenic plants. We were also able to obtain seeds from such transgenic plants. Further evaluation of these plants for their ability to tolerate osmotic stresses is in progress.
